Transport processes in cells do not function independently from one another but rather are coupled together. We therefore thought it would be interesting to begin to combine discrete molecular carriers with contrasting transport properties to 35 produce transport systems that function synergistically. In the simplest case, by considering an electroneutral transport process as two coupled uniport steps, two carriers could be used synergistically, with each receptor facilitating one of the uniport pathways in a so-called "dual host" system. The potassium 40 ionophore valinomycin has been used in conjunction with protonophoric compounds, such as chlorophenols, to achieve synergistic K combination as solutions in DMSO at 2 mol% (with respect to lipid) loadings, with the exception of compound 4 which was added at 0.03 mol% (with respect to lipid) due to its inherently higher transport activity. The system was allowed to equilibrate for 60 s after which time a pulse of NaHCO 3 was added (such 90 that the concentration of the salt in the extravesicular solution was 40 mM). Chloride efflux was monitored using an ion selective electrode (Accumet). After 660 s the vesicles were lysed
the excetion of bicarbonate, whole-body pH regulation and the control of cell volume that chiefly operate by Cl -/HCO 3 -exchange (sodium dependent or independent) and Na + /HCO 3 -cotransport. 1 Dysregulation of chloride transport in the epithelia of cystic fibrosis (CF) patients has long been known, however 15 dysregulation of bicarbonate transport has also been linked to disease states including cystic fibrosis, infertility and heart disease. 2 In particular Quinton has recently hypothesised that the defect in bicarbonate transport in CF may be the basis for pathogenic mucus production. Hence the development of transporters for bicarbonate and chloride is currently of intense interest both for use as tools for the study of membrane transport processes in biological systems and also as potential future treatments for these diseases. 4 For example, a range of molecules have been identified as efficient 25 Cl -/HCO 3 -antiporters in lipid vesicles including; tripodal tristhioureas based upon the tris(2-aminoethyl)amine scaffold, 5 the natural product prodigiosin and structurally related isophthalamides, 6 structurally simple thioureas bearing an isopentyl groups, 7 urea appended decalins 8 and the sphingolipid 30 ceramide. 9 Transport processes in cells do not function independently from one another but rather are coupled together. We therefore thought it would be interesting to begin to combine discrete molecular carriers with contrasting transport properties to 35 produce transport systems that function synergistically. In the simplest case, by considering an electroneutral transport process as two coupled uniport steps, two carriers could be used synergistically, with each receptor facilitating one of the uniport pathways in a so-called "dual host" system. The potassium 40 ionophore valinomycin has been used in conjunction with protonophoric compounds, such as chlorophenols, to achieve synergistic K + /H + transport. 10 combination as solutions in DMSO at 2 mol% (with respect to lipid) loadings, with the exception of compound 4 which was added at 0.03 mol% (with respect to lipid) due to its inherently higher transport activity. The system was allowed to equilibrate for 60 s after which time a pulse of NaHCO 3 was added (such 90 that the concentration of the salt in the extravesicular solution was 40 mM). Chloride efflux was monitored using an ion selective electrode (Accumet). After 660 s the vesicles were lysed with detergent (octaethylene glycol monododecyl ether) to allow determination of 100% chloride efflux. Control experiments were performed without the bicarbonate pulse to examine the possibility of H + /Cl -co-transport (see ESI).
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The results of the bicarbonate pulse experiment with thiourea 4 and calixpyrrole analogues 1, 2 and 3 are shown in Figures 1-10 3. In each case the results show the effect of adding the thiourea compound alone, the calixpyrrole alone and then the effect of adding the two compounds simultaneously. In addition the corrected "sum" of the change in chloride concentration of adding the thiourea and the calixpyrrole seperately is shown. 15 An enhancement in Cl -/HCO 3 -transport is observed when compounds 1 or 2 are added with thiourea 4 (compared to the individual 'sum' of chloride efflux derived from adding the compounds seperately) demonstrating a synergistic effect (see Figures 1 and 2) . This supports the hypothesis that these 20 compounds can participate in a dual host system for the transmembrane transport of chloride and bicarbonate via two coupled uniport processes. The potential transport processes in this system are shown schematically in Scheme 1. phosphate salts and suspended in 167mM sodium sulfate, buffered to pH 7.2 with 20mM sodium phosphate salts, upon addition of DMSO solutions of 1 (2 mol%), 4 (2 mol%) and both 1 (2 mol%) and 4 (2 mol%). The sum of 1 (2 mol%) and 4 (2 mol%) is shown for comparison. A sodium bicarbonate pulse was added at t = 60 s such that the external 50 bicarbonate concentration was 40mM. Each point represents an average of three trials. 
Figure 2
Chloride efflux from unilamellar POPC vesicles containing 489mM sodium chloride, buffered to pH 7.2 with 20mM sodium phosphate salts and suspended in 167mM sodium sulfate, buffered to pH 7.2 with 20mM sodium phosphate salts, upon addition of DMSO solutions of 2 (2 mol%), 4 (2 mol%) and both 2 (2 mol%) and 4 (2 mol%). The sum of 2 (2 mol%) and 4 (2 mol%) is shown for comparison. A sodium bicarbonate pulse was added at t = 60 s such that the external bicarbonate concentration was 40mM. Each point represents an average 10 of three trials. phosphate salts and suspended in 167mM sodium sulfate, buffered to pH 7.2 with 20mM sodium phosphate salts, upon addition of DMSO solutions of 3 (2 mol%), 4 (2 mol%) and both 3 (2 mol%) and 4 (2 mol%). The sum of 3 (2 mol%) and 4 (2 mol%) is shown for comparison. A sodium bicarbonate pulse was added at t = 60 s such that the external 20 bicarbonate concentration was 40mM. Each point represents an average of three trials.
Conclusions
We Scheme 1 The chloride and bicarbonate transport processes occurring in the 1-4 transport system: a) chloride uniport by compound 1; b) chloride/bicarbonate antiport by compound 4 which could be regarded as two coupled uniport processes for bicarbonate (c) and chloride (d). 10 Chloride/bicarbonate antiport can also be achieved by coupling processes a) and c). 
